The influence of seven phenolic compounds, normally present in wine, on the growth and arginine deiminase system (ADI) of Lactobacillus hilgardii X 1 B, a wine lactic acid bacterium, was established. This system provides energy for bacterial growth and produces citrulline that reacts with ethanol forming the carcinogen ethyl carbamate (EC), found in some wines. The influence of phenolic compounds on bacterial growth was compound dependent. Growth and final pH values increased in presence of arginine. Arginine consumption decreased in presence of protocatechuic and gallic acids (31 and 17%, respectively) and increased in presence of quercetin, rutin, catechin and the caffeic and vanillic phenolic acids (between 10 and 13%, respectively). ADI enzyme activities varied in presence of phenolic compounds. Rutin, quercetin and caffeic and vanillic acids stimulated the enzyme arginine deiminase about 37-40%. Amounts of 200 mg/L gallic and protocatechuic acids inhibited the arginine deiminase enzyme between 53 and 100%, respectively. Ornithine transcarbamylase activity was not modified at all concentrations of phenolic compounds. As gallic and protocatechuic acids inhibited the arginine deiminase enzyme that produces citrulline, precursor of EC, these results are important considering the formation of toxic compounds.
washed twice with the appropriate buffer. To determine arginine deiminase activity, twenty-five mg per milliliter of bacterial pellets were resuspended in 0.2 M sodium phosphate buffer at pH 6.5. To determine ornithine transcarbamylase activity, they were resuspended in 0.2 M sodium acetate buffer, pH 5.8. To prepare cell extracts, cell pellets were passed four times through a French press. Cell debris was removed by centrifugation at 15,000 rpm for 5 min, and the supernatant extract was used to determine enzyme activities (37) . Enzyme activities were determined according to the method proposed by Oginsky (29) . The reaction mixture for arginine deiminase determination had the following composition in a final volume of 3.6 mL: 0.4 mL L-arginineHCl (0.1 M) adjusted to pH 6.5; 1 mL sodium phosphate buffer (0.2 M), pH 6.5; 0.6 mL cell extracts, and 1.6 mL distilled water. The mixture was incubated at 30 ºC, and samples were taken every 15 min. The reaction was stopped by the addition of 0.2 mL perchloric acid (70%). The samples were centrifuged at 4000g for 30 min at 4 ºC, and citrulline was determined in the supernatant.
The reaction mixture for ornithine transcarbamylase determination had the following composition in a final volume of 3.6 mL: 1 mL L-citrulline-HCl (0.1 M); 1 mL sodium acetate buffer (0.5 M), pH 5.8; 1mL sodium arsenate (0.1 M), and 0.6 mL cell extracts. The mixture was incubated at 30 ºC, and samples were taken every 15 min. The reaction was stopped by the addition of 0.2 mL perchloric acid (70%). The samples were centrifuged at 4000g for 30 min at 4 ºC, and ornithine was determined in the supernatant.
Statistical analysis
MINITAB Student test was used. Three replicate determinations were carried out.
RESULTS AND DISCUSSION
Effect of arginine and phenolic compounds on L. hilgardii
X 1 B growth
The comparative analysis of the influence of arginine on L.
hilgardii X 1 B growth in the media added with different phenolic compounds shows that the addition of arginine to BM increased L. hilgardii X 1 B growth 75, 55, 71 and 28% in presence of gallic, vanillic, protocatechuic, and caffeic phenolic acids and 57, 63 and 67% in presence of the flavonoids rutin, quercetin and catechin, with respect to the same media without arginine (Table 1) . These results indicated that independently of the phenolic compounds added to the media, arginine is able to enhance bacterial development. Table 1 ).
In the media without arginine caffeic acid, rutin and catechin showed a similar stimulatory effect of nearly 38%, and vanillic acid showed a stimulatory effect of about 11%.
Gallic acid, protocatechuic acid and quercetin did not modify bacterial growth, with respect to the control media without arginine and phenolic compounds. Table 2 shows the influence of polyphenols added to the media on arginine metabolism, after 50 h incubation at 30 ºC.
Only in presence of protocatechuic and gallic acids arginine consumption was 31 and 17% lower than that observed in the control media. The presence of vanillic and caffeic acids, rutin, quercetin or catechin increased arginine consumption between 10 and 13%. 
Glucose utilization in the different media
As the ADI pathway produces energy as ATP, Fig. 1 shows the effect of phenolic compounds on glucose consumption by L. hilgardii X 1 B in presence or absence of arginine.
It is well known that arginine may serve as an energy source for L. hilgardii X 1 B strain (10). The higher residual glucose in the media with arginine than in the ones without it, suggests clearly that the energy provided by arginine is able to diminish glucose requirements in nearly all the media assayed.
On the other hand, in absence of arginine, only the addition of gallic acid increased glucose consumption. In contrast, glucose consumption was lower in presence of arginine only with vanillic acid. Glucose consumption was higher with the other phenolics.
A relation between glucose consumption and growth observed in the different media added with polyphenolics was not observed. Hence, it may be suggested that growth modification is a consequence of the phenolic compounds themselves rather than sugar degradation, especially so when we consider that in all cases at least 92% glucose was consumed. Some Lactobacillus species metabolize hydroxycinnamic acids at low concentrations by reduction to ethyl phenols (38) and vinyl derivatives (19 hilgardii strains studied have the ability to degrade arginine via the ADI system. Wine lactic acid bacterium
In this paper we studied the influence of phenolic compounds on the activities of the enzymes involved in arginine and citrulline degradation. Table 3 (Table 2 ).
Ornithine transcarbamylase activity was not modified at all concentrations of phenolic compounds and only little increments of about 10% were observed ( Table 3) .
The results shown in this work indicate that phenolic acids can influence growth parameters. Some authors have reported that wine LAB growth could be modified by phenolic compounds (3, 4, 31) . The differences found between phenolic compounds could be related to their different chemical structures. Previous studies have shown that some hydroxybenzoic acids could inhibit bacterial metabolism (44).
A possible explanation for this inhibitory effect is that some polyphenols can interact with cell enzymes (14). For some Lactobacillus species a stimulatory effect on growth at low concentrations has been described (38) . These species can metabolize hydroxycinnamic acids by reduction to ethyl phenols, a non inhibitory form. Campos et al. (15) reported that important oenological characteristics of wine LAB, such as malolactic activity and volatile organic acids production, may Wine lactic acid bacterium be differently affected by the presence of phenolic acids, depending on the bacterial species or strain. The inhibitory effect of protocacheutic acid on L hilgardii is well reported for another metabolic system (2) . However, this is the first work on the influence of phenolic compounds on the ADI system.
In Europe and part of America, several wines are made using spontaneous fermentation. L. hilgardii is usually found in the winemaking industry and is present in nearly all the spontaneous fermentations (14, 33, 40, 42) . These bacteria survive because of their high tolerance to ethanol and their ability to carry out the malolactic fermentation desirable in wine. (26) . However, they also present deleterious properties, like arginine degradation.
Therefore, the study of the effect of phenolic compounds normally present in wine on arginine degradation is very important.
The results concerning the inhibitory effect of gallic and protocatechuic acids on the arginine deiminase enzyme are important considering the formation of toxic compounds. Arginine was catabolized to a very limited extent in presence of protocatechuic and gallic acids. As a consequence, the liberation into the medium of citrulline, a precursor of the carcinogenic EC, was little. Moreover, as these phenolic acids did not inhibit the ornithine transcarbamylase enzyme, the citrulline formed was degraded.
Protocatechuic acid, a human health beneficial compound for its antioxidant properties, seems to be a natural inhibitor of the synthesis of citrulline, a potential EC precursor. Hence, the wines containing a higher amount of this phenolic acid could be safer for human health.
